Background. Novel rehabilitation strategies have demonstrated potential benefits for motor and non-motor symptoms of Parkinson's disease (PD). Objective. To compare the effects of Lee Silverman Voice Therapy BIG (LSVT BIG therapy) versus a general exercise program (combined treadmill plus seated trunk and limb exercises) on motor and non-motor symptoms of PD. Methods. Eleven patients with early-mid stage PD participated in the prospective, double-blinded, randomized clinical trial. Both groups received 16 one-hour supervised training sessions over 4 weeks. Outcome measures included the Unified Parkinson's Disease Rating Scale (UPDRS), Beck Depression Inventory (BDI), Beck Anxiety Inventory (BAI) and Modified Fatigue Impact Scale (MFIS). Five patients performed general exercise and six patients performed LSVT BIG therapy. Post-intervention evaluations were conducted at weeks 4, 12 and 24. Results. The combined cohort made improvements at all follow-up evaluations with statistical significance for UPDRS total and motor, BDI, and MFIS ( < 0.05). Conclusion. This study demonstrated positive effects of general exercise and LSVT BIG therapy on motor and non-motor symptoms of patients with PD. Our results suggest that general exercise may be as effective as LSVT BIG therapy on symptoms of PD for patients not able to readily access outpatient LSVT BIG therapy.
Introduction
Parkinson's disease (PD) is a neurodegenerative disorder consisting of a constellation of motor and nonmotor symptoms. For many years, even before the availability of medical therapies for PD, clinicians have been trying physical activities to improve symptoms of PD. In recent years, basic science evidence based on animal models suggests that the effects of the exercise are beyond solely symptomatic therapies [1] [2] [3] [4] . In 1999, van Praag et al. showed the increase of neurogenesis following exercise in the adult brain rats [5] . Since then, other scientists have replicated this finding and clinicians have tried to assess and quantify the effect of exercise on a variety of neurological disorders [6, 7] . Multiple clinical studies demonstrated the benefit of exercise on motor symptoms of PD by applying different exercise models such as treadmill training [8] [9] [10] , resistance training [11] [12] [13] , biking [14] , Tai Chi [15, 16] , tango [17, 18] , and boxing [19] . One of the exercise models that has been shown to be effective and is currently being used widely is Lee Silverman Voice Therapy BIG (LSVT BIG therapy) [20] [21] [22] . LSVT BIG therapy is designed to overcome amplitude deficits associated with PD. This therapy improves proprioception through increasing amplitude together with sustained attention and cognitive involvement by mentally focusing on individual movements. Emerging evidence examining the benefits of LSVT BIG therapy for patients with PD has demonstrated improvements in gait speed and the speed of reaching across the upper and lower limbs as well as improvements of the UPDRS motor score [21, 22] .
LSVT BIG therapy incorporates large trunk and extremity functional motions and should only be administered by an LSVT BIG certified therapist. In contrast to other conventional training methods that use various techniques to facilitate movements, the LSVT BIG therapy uses amplitude as the main focus of the exercise and engages the patient in functional activities with the promise of sustainability after completion of the therapy [23] .
Recent studies have provided evidence that exercise modalities can improve motor and nonmotor features of PD [24] [25] [26] . However, the effects of LSVT BIG therapy on nonmotor symptoms of PD have not yet been extensively studied. The purpose of this study was to determine the difference between two various exercise programs, namely, the LSVT BIG therapy and a general exercise program, on both motor and nonmotor symptoms of PD. To our knowledge, this is the first study comparing a general exercise modality with LSVT BIG therapy in a double-blinded prospective trial.
Materials and Methods

Participants.
Eleven patients with early-to mid-stage PD participated in a prospective, double-blinded, randomized study. All patients were recruited from the movement disorders clinic at the Loma Linda University Medical Center following the Institutional Review Board approval and obtaining informed consent. PD was diagnosed according to the UK Parkinson Disease Society Brain Bank Criteria [27] . Patients were included if they were aged 30 to 90 years, if they were on a stable dose of PD medications for the last 28 days, if their clinical condition at the time of study enrollment did not require any changes of medication for the next four months, and if they were clinically stable to attend either the outpatient physical therapy for LSVT BIG therapy or a general exercise program at the Loma Linda University Research Laboratory for sixteen 1-hour sessions over four weeks. Exclusion criteria were diagnosis of atypical PD, participation in an ongoing exercise program, history of repeated strokes with stepwise progression of Parkinsonian features, evidence of severe depression or other significant behavioral disorders, significant or unstable medical or surgical condition that may preclude safe and complete study participation. Patients were randomly assigned to receive either general exercise (five patients) or LSVT BIG therapy (six patients).
Outcome Measures.
All patients were evaluated on the Unified Parkinson's Disease Rating Scale (UPDRS) (total and motor scales), Beck Depression Inventory (BDI), Beck Anxiety Inventory (BAI), and Modified Fatigue Impact Scale (MFIS) at baseline, immediately upon completion of exercise program (after four weeks) and after three and six months' follow-up. Exercise treatments were administered by an experienced physical therapist four times a week for four weeks. Both intervention groups received 16 one-hour one to one exercise sessions. After completion of exercise training, the patients in both interventional groups were advised to maintain an active lifestyle and exercise on a regular basis.
Interventions
General Exercise Protocol.
The General Exercise protocol consisted of two parts: a thirty-minute treadmill exercise session and a seated upper extremity exercise session. During the treadmill exercise session, patients walked on a treadmill continuously for 30 minutes with the following criteria: they used a safety harness that was attached to a sturdy frame. A safety cord was attached to the patients that would quickly stop the treadmill if necessary. A research investigator was positioned next to the patient at all times. The angle of inclination of the treadmill was zero degree. Walking speed was gradually increased until the patient was walking comfortably and reported an exertion level of approximately five on a ten-point Borg rating of perceived exertion scale [28] . The Borg scale was displayed in front of the patient at all times during treadmill walking. Heart rate was monitored while walking using a wireless heart rate monitor. Patients were working at 75% of their heart rate maximum. Heart rate maximum was calculated using the Karvonen formula prior to commencement of the session. Blood pressure (BP) was monitored before, during, and immediately after the treadmill exercise session. A systolic BP of less than 200 mm Hg and diastolic BP of less than 110 mm Hg were considered within safe limits during the treadmill exercise session. Afterward, systolic BP was less than 180 mm Hg and diastolic BP was less than 110 mm Hg before beginning the seated upper extremity exercise session.
During the seated upper extremity exercise session, patients performed a variety of upper extremity exercises for 30 minutes. Exercise intensity was monitored by the Borg's scale. The seated upper extremity protocol included the following high to low intensity exercises: theraband arm swings for 4 minutes (high intensity, Borg 4-5), trunk side flexion for 2 minutes (medium intensity, Borg 3-4), marching in place for 2 minutes (medium intensity, Borg 3-4), buttoning/unbuttoning for 2 minutes (low intensity, Borg 2-3), theraband rowing for 4 minutes (high intensity, Borg 4-5), trunk rotations with reaching for 2 minutes (medium intensity, Borg 3-4), cone stacking for 2 minutes (medium intensity, Borg 3-4), finger tapping for 2 minutes (low intensity, Borg 2-3), theraband trunk rotation for 4 minutes (high intensity, , marching in the place with arm swings for 2 minutes (high intensity, Borg 4-5), seated arm swings for 2 minutes (medium intensity, , and finger to nose for 2 minutes (low intensity, Borg 2-3).
LSVT BIG Therapy.
The LSVT BIG therapy was delivered by an LSVT BIG certified physical therapist. The LSVT BIG therapy protocol has been previously described and patients were essentially encouraged to perform a variety of large amplitude functional movements with high concentration and effort over the course of 60 minutes with supervision [20] .
Data Analyses. SAS Version 9.3 (SAS Institute
Inc., Cary, NC) was used for statistical analysis. Descriptive statistics (mean, standard deviation) were calculated for all assessments. An independent -test was used to analyze normally distributed baseline differences between the groups. For nonnormally distributed data, Wilcoxon's rank-sum test (MannWhitney U test) was used. Paired samples -test with its Table 1 shows the demographics and baseline characteristics in the two intervention groups. The mean age was 63.4 years. The female to male ratio was 6 : 5. The mean number of years since diagnosis was 3.8 (SD = 2.4). There were no statistically significant differences between the intervention groups on demographic or clinical characteristics at baseline. All patients completed follow-up visits. Complete baseline and follow-up data were available for all patients. No major adverse events were reported during this trial, and there were no changes of medications related to PD. Table 2 shows the clinical changes from the baseline in all eleven patients in both groups after exercise interventions. Table 3 shows the benefit of general exercise and LSVT BIG therapy in each group at 6 months' follow-up. No difference was detected between the two groups.
Results
Discussion
The current double-blinded prospective trial showed the impact of LSVT BIG therapy on motor and nonmotor symptoms of PD and compared its impact with general exercise.
Impact of Exercise.
The impact of exercise on PD already has been shown in different studies [24] [25] [26] . In the current trial, we simulated the one to one training with similar time and interaction of LSVT BIG therapy with a general exercise program. The positive impact of exercise and LSVT BIG therapy persisted for up to six months after the last day of the intervention and raised the possibility of disease modification that exercise might apply. There are bodies of evidence that support impact of the exercise on the brain with increasing synaptogenesis and neurotrophic factors [29, 30] . This trial was not able to detect the difference between the two groups but showed that our general exercise protocol was as effective as LSVT BIG therapy which may prove beneficial for patients unable to access outpatient LSVT BIG therapy.
LSVT BIG Therapy.
The effect of LSVT BIG therapy on motor symptoms of PD has been assessed in at least two major trials [22, 23] . In the present study, our findings suggest that LSVT BIG therapy could be effective on controlling nonmotor symptoms of PD such as depression, anxiety, and fatigue. In a previous trial [22] comparing the efficacy of LSVT BIG therapy and exercise, a bias was detected in favor of LSVT BIG therapy. LSVT BIG therapy was conducted in a one-to-one fashion but exercise was applied in a group session. In the current study, to avoid this error, we designed a general exercise protocol that incorporated a one-to-one interaction between patients and their therapists.
Motor and Nonmotor Symptoms of PD.
The main focus of the majority of previous research was on the motor aspect of PD such as bradykinesia, rigidity, and gait. None of the studies that applied LSVT BIG therapy measured nonmotor symptoms of PD as one of their outcome measures [21] [22] [23] . In fact, nonmotor symptoms are very disabling in patients with PD because the majority of them do not respond easily to medical therapy [31] . This emphasizes the importance of therapeutic modalities other than medications in managing nonmotor symptoms such as fatigue, depression, and anxiety.
The current study suggested that not only did both types of exercise improve motor symptoms of PD but also it was effective on nonmotor symptoms as well.
Limitations.
Small sample size is one of the limitations of this study. All of the patients were at the early stage of their disease; therefore, the impact of the exercise on the symptoms of the patients at the later stages of the disease is unclear. With the progression of PD, patients develop certain motor and nonmotor complications such as motor fluctuation, dyskinesia, cognitive decline, gait impairment, and poor balance. None of the patients of this study were suffering from any of these complications.
Conclusion
The results of the current study suggest that exercise is an essential therapeutic modality to manage motor and nonmotor symptoms of PD. This study also highlights the importance of creating other exercise protocols based on the LSVT BIG therapy that could be as effective for patients that do not have access to outpatient LSVT BIG therapy. Larger studies with more patients at different stages of the disease with multiple therapeutic arms are needed. The new trials would not only improve our understanding about the impact of exercise on neurodegenerative disorders, but also help us to improve our skills in managing patients with PD with multiple complications.
